The effect of bacterial endotoxin on the change in peripheral leukocyte population in mice due to the lymphocytosis-promoting factor (LPF) was investigated. Endotoxin affected not only the total leukocyte count but also the leukocyte proportions at any observation time. Both the coefficient and the intercept of regression of the leukocytic response on dose of LPF were modified by endotoxin . Therefore, in a valid biological assay for LPF using the peripheral leukocyte count as a response, a common reference preparation available for any test materials , irrespective of presence or absence of endotoxin , will be impracticable. Two reference preparations were tentatively established, one being a vaccine and the other an LPF preparation containing little endotoxin. A unitage of LP activity was assigned to each reference preparation.
INTRODUCTION
The mouse toxicity test or the mouse weight-gain test (Pittman ,1970) of pertussis vaccine, developed by Pittman and Cox (1965) , is now being recommended in the WHO Requirements for Pertussis Vaccine (World Health Organization,1964) and widely accepted in the world as the control test for freedom from toxicity of pertussis vaccine. The method is used also in studies on toxic substances of pertussis bacilli. The test is said to reflect the reactions in humans (Pittman, 1970) .
The mouse toxicity test consists of three check points: (1) body weight recovery at the end of 72 hr,(2) body weight gain at the end of 7 days , and (3) late mortality. We have drawn the following conclusions from our experiments (Kurokawa et al.,1968) . The object of the first check point was interpreted as the check for the early appearing toxicity attributable to endotoxin day (Ishida,1968) . Endotoxin preparation: An endotoxin preparation, WE-1, extracted from Escherichia coli 0-111 by the phenol-water method (Westphal and Jann,1965) was used. Its biological activities were described in previous papers (Ishida, 1968; Kurokawa et al.,1974) .
In the present experiment, doses of endotoxin to be inoculated into a mouse were selected on the basis of our previous data. The average endotoxin content of most commercial products of diphtheria-pertussis-or diphtheria-pertussistetanus combined vaccines in Japan was roughly estimated to be equivalent to 50 pg of WE-1 per ml, though the individual values distributed over a fairly wide range (Kurokawa et al., unpublished data).
Reference pertussis vaccine: A diphtheria-pertussis-tetanus combined (DPT) vaccine, P76, was selected as a reference preparation for the toxicity test of pertussis vaccine. The endotoxin content of P76 was estimated to be approximately twice as much as the mean endotoxin content of recent Japanese DPT vaccines and LP and HS activities were nearly the highest among them. The HS activity of this vaccine was estimated to be 5 HSU/ml based on comparative tests with the Netherlands Reference Pertussis Vaccine (Ishida, Kurokawa and Asakawa,1976*). We tentatively assigned one LPUv* * (lymphocytosis-promoting unit) as the amount of P76 equivalent to one HSU.
Chemicals: Seven per cent cethyltrimethyl ammonium chloride-glacial acetic acid solution (GAG) was used for electronic cell counting. For electronic cell sizing 2% saponin-alcohol solution (SAS) was used. Details of the chemicals were described in a separate paper (Kurokawa et al.,1974) .
Mouse: About 4-week-old femal mice of a random-bred stock (ddy/S) were used. They showed regular body-weight gain during a quarantine period after purchase from a breeder. Mice were randomly allotted to groups of five mice each. Each group was kept in a cage and assigned at random for a material, a dose of a material, and a date of bleeding, unless otherwise described.
Injection of materials and examination of peripheral leukocytes: Dilution of toxic materials was made in physiological saline solution and a 0.5-ml portion was injected intraperitoneally.
The methods for counting and sizing peripheral leukocytes were detailed elsewhere (Kurokawa et al.,1974) . Briefly, a 0.01-ml portion of blood was taken from the tail vein with a micropipette at the stated time after inoculation of the material and added to 10 ml of Millipore-filtered saline to make a blood Microscopical examinations of peripheral leukocytes were made on Giemsastained smears. Three-hundred cells were examined to be sorted into granulocytes, small lymphocytes and other larger cells including monocytes, mediumand large lymphocytes.
Statistical analyses: Logarithmically transformed cell count was used as a metameter for the statistical analyses since cumulative percentage frequency was fairly linear when plotted against log cell count on a normal probability paper (Ishida and Kurokawa,1971; Sato and Arai,1972) , while the frequency deviated clearly from a linearity before the transformation (Ishida and Kurokawa,1971) . Deviations from variance homoscedasticity were insignificant only after the logarithmic transformation. The validity tests were performed by the parallel line assay method (Finney,1964) . All significant tests were made at a probability p=0.05 and all confidence intervals were estimated for this probability, unless otherwise specified.
RESULTS

Effect of Endotoxin on the LPF-induced Change of
Peripheral Leukocyte Population Each of three mixtures containing a constant dose of WE-1 and graded doses of R-4 was injected into four groups of five mice and the mice of each group were bled from the tail vein for peripheral leukocyte count on day 1,2,3 or 4. The mouse was used only once for the test. Mice inoculated with the corresponding doses of LPF alone were also investigated in parallel.
Daily changes in the regression line in mice inoculated with LPF alone or with endotoxin are illustrated in Fig.3 and the regression analyses of the data in Tables II and III . None of the regressions of log number of leukocytes on log dose showed any significant deviation from linearity, as shown in Table II , within the present dose range. By addition of endotoxin, however, the position of the regression lines on days 2,3 and 4, moved upward, whereas that on day 1 downward, though the difference in the position between the two regression lines in each pair was not always significant (Table II) .
There were only a little differences in the regression coefficients between days 3 and 4, whether endotoxin was present or not (Table III) . The regression coefficient on day 1 was the lowest among the four dose-response regression lines. It was suggested that the addition of endotoxin affected the regression coefficient, though the values did not significantly differ from each other in the respective Fig.3 pairs in these experiments. This suggestion, however, was substantiated in other experiments, one of which will be presented later. The addition of endotoxin seemed not to affect the variance (Table III). EFFECTS  OF ENDOTOXIN  ON LEUKOCYTOSIS  DUE  TO LPF  99   TABLE IV Precision index for the data of Fig.3 A factor of precision of titration, ƒÉ=s/b, where s is square root of variance, or standard deviation, and b regression coefficient, is shown in Table  IV . There were little differences in the index among days 2,3 and 4, while the index on day 1 was the largest. A countermeasure to overcome such an effect of endotoxin contamination may be the use of a material containing a known amount of LPF and of endotoxin as a reference preparation. However, as the endotoxin content of pertussis vaccine prepared in a usual manner to meet the toxicity tests of Japanese Requirements extended over a fairly wide range (Kurokawa et al., unpublished data), the desirable content of endotoxin in the reference vaccine will be difficult to choose. We established tentatively two reference preparations . One was a vaccine, of which endotoxin content was estimated to be somewhat higher than the average concentration of current Japanese pertussis vaccines while LP-and HS activities were almost highest among them. The other was an LPF preparation containing little endotoxin. It may be reconsidered whether some other reference preparations are necessary for a material containing endotoxin at a lower concentration than the reference vaccine .
Endotoxin has complicated effects on lymphatic organs . The effect dealt with in this report is one of such manifestations. Therefore , LPF preparations to be tested for the effect of LPF on the lymphatic tissues should be free from endotoxin.
HLT was found to induce characteristic leukocytosis (Ishida and Kurokawa , 1972b) . Therefore it may also affect the total increased leukocyte count due to LPF. However, as HLT, unlike LPF, is easily destroyed by mild heating , the effect of HLT possibly contained by a material on LPF assay can be eliminated by preheating.
